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A system and method are provided for minimally-invasive
selective removal of fat from a target area by injecting the area
with a solution of photo-absorbing nanoparticles and 1rradi-
ating the injected area with a beam of near infrared (NIR)
light. The NIR emission wavelength excites the nanoparticles
to melt fat within the target area so that the liquefied fat can be
aspirated from the target area. The nanoparticles may be gold
nanorods having aspect ratios selected to produce surface
plasmon resonance when irradiated with NIR light around
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SELECTIVE FAT REMOVAL USING NIR
LIGHT AND NANOPARTICLES

RELATED APPLICATIONS

This application 1s continuation of application Ser. No.
14/379,488, filed Aug. 18, 2014, which 1s a 371 national stage
filing of International Application No. PCT/US2013/040219,
filed May 9, 2013, which claims the benefit of the priority of
Application No. 61/644,328, filed May 8, 2012, which 1s

incorporated herein by reference 1n 1ts entirety.

FIELD OF THE INVENTION

The mvention relates to a system, kit and method for reduc-
tion of fatty tissue in the body, and more particularly to
removal of fatty tissue using near infrared laser light.

BACKGROUND OF THE INVENTION

Liposuction evolved from work in the late 1960s from
surgeons 1n Europe using primitive curettage techmiques
which were largely 1gnored, as they achieved 1irregular results
with significant morbidity and bleeding. Modern liposuction
first burst on the scene 1n a presentation by the French sur-
geon, Dr Yves-Gerard Illouz, 1n 1982. The “Illouz Method”
teatured a technique of suction-assisted lipolysis after tumes-
ing or infusing fluid nto tissues using blunt cannulas and
high-vacuum suction and demonstrated both reproducible
good results and low morbidity. During the 1980s, many
United States surgeons experimented with liposuction, devel-
oping variations, and achieving mixed results. Most com-
monly, liposuction i1s performed on the abdomen and thighs in
women, and the abdomen and flanks in men. According to the
American Society for Aesthetic Plastic Surgery, liposuction
was the most common plastic surgery procedure performed in
2006 with 403,684 patients.

Traditional liposuction relies on two techniques. The first
technique employs a sharp, relatively large diameter (3 mm-3
mm) cannula that 1s manually manipulated to mechanically
break fat down and while applying suction to remove the
separated fat. A variation of this vacuum assisted technique 1s
a mechanically powered cannula that reduces the surgeon’s
fatigue during large surface area liposuction procedures.

The second techmique utilizes ultrasonic waves via a
vibrating cannula, this technique 1s mechanical in 1ts nature
and significantly reduces the surgeon’s fatigue factor. This
technique 1nduces the same or worse mechanical trauma to
the tissues. Both techniques require significant amounts of
fluid, known as a “tumescent solution,” to be 1injected 1nto the
body to emulsily the fat, facilitating the removal of large
volumes of fat while reducing blood loss and delivering a
local anesthetic (lidocaine) to provide post-operative pain
relief. While generally safe, lidocaine can be toxic, leading to
serious complications, and even death.

A problem with the probes used in existing liposuction
procedures 1s the generation of significant amounts of heat at
the distal tip of the probe, which can exceed the temperature
required for melting the fatty tissue. This excess heat can
result 1n burning of tissue, damaging muscles or blood ves-
sels, and even penetrating membranes such as the skin or the
peritoneum that covers most of the intra-abdominal organs.

Alternative methods have been disclosed which exploit
laser energy to remove unwanted fat. U.S. Pat. Nos. 6,605,
080 and 7,060,061 1ssued to Altshuler, et al. represent an
alternative approach in which laser energy i1s externally
applied to the skin to heat and melt fat tissues 1n epidermis and
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2

subcutaneous layers below. These patents disclose the use of
near infrared radiation to heat-liquely fat cells, after which
the lipid pool 1s removed from the subcutancous area by
aspiration. Because of the considerable heat generation that
results from the techniques, e.g., up to 70° C., at or in the fat
tissue, a special cooling mechanism must be 1n place to pre-
vent potential temporary skin damage or permanent scarring,
with permanent scarring occurring primarily in the dermis.
These methods present other limitations and potential
adverse thermal effects on tissue above the lipid-rich tissue
under treatment, including blistering, peeling, and depigmen-
tation.

U.S. Pat. No. 8,430,919 of Bornstein discloses a lipolysis
method 1n which the skin over the target site 1s optically
irradiated with two different wavelengths of light, one 1n the
near infrared (NIR) region, the other in the infrared range, to
modulate biochemical processes of adipocytes 1n the target
site. In order to achieve the desired degree of fat removal, the
duration of the treatment must be fairly long, from one to two
hours, during which the patient must remain virtually motion-
less. Unless a sedative or general anesthesia has been admin-
istered to calm the patient, physical and psychological dis-
comifort can ensue.

NIR (700-950 nm) 1s preferable to other types of light for
therapeutic use in biological systems because NIR light can
pass through blood and tissue to depths of several inches.
However, very few organic chromophores absorb in this
region, and even fewer are capable of converting the absorbed
energy 1nto a chemical or thermal response that can be used to
trigger drug release. A few years ago, gold nanostructures
(shells, particles, rods, and cages) emerged as useful agents
for photothermal therapy after they were shown to have
strong absorption 1n the NIR region ({our to five times higher
than conventional photo-absorbing dyes) as well as tunable
optical resonances. The strong absorption enables effective
laser therapy at relatively low laser energies, rendering such
therapy methods minimally mnvasive.

Laser photothermal therapy of cancer with the use of gold
nanoparticles immunotargeted to molecular markers has been
reported as being effective to selectively kill cancer cells at
lower laser powers than those needed to kill healthy cells. (X.
Huang, et al., “Determination of the Minimum Temperature
Required for Selective Photothermal Destruction of Cancer
Cells with the Use of Immunotargeted Gold Nanoparticles”,
Photochemistry and Photobiology, 2006, 82:412-417.) Gold
nanoparticles absorb light efficiently 1n the visible region due
to coherent oscillations of metal conduction band electrons in
strong resonance with visible frequencies of light, a phenom-
enon known as “surface plasmon resonance” or “SPR”. Pho-
toexcitation ol metal nanostructures results in the formation
of a heated electron gas that cools rapidly, e.g., within 1 ps, by
exchanging energy with the nanoparticle lattice. The nano-
particle lattice, 1n turn, rapidly exchanges energy with the
surrounding medium on the timescale of 100 ps, causing
localized heating. This rapid energy conversion and dissipa-
tion can be achieved by using light radiation with a frequency
that strongly overlaps the nanoparticle absorption band.
Nanorods exhibit cylindrical symmetry, and simple changes
in particle symmetry can significantly alter SPR characteris-
tics. The NIR absorption maximum of metal nanostructures
can be modulated by changing their size, shape and aggrega-
tion. GNRs have two plasmon absorption peaks, exhibiting
transverse and longitudinal surface plasmon resonances that
correspond to electron oscillations perpendicular and parallel
to the rod length direction, respectively. The longitudinal
surface plasmon wavelengths are tunable from the visible to
infrared regions. The effectiveness of GNRs as photothermal
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therapeutic agents 1s strongly dependent on their scattering,
and absorption cross-sections—Ilarge absorption cross sec-

tions with small scattering losses allow for photothermal
therapy with a mimimal laser dosage. In addition, the longi-
tudinal surface plasmon wavelengths of GNRs are preferably
within the spectral range of 650-900 nm. Light irradiation in
this region can penetrate more deeply into tissues and cause
less photodamage than UV-visible irradiation. Therefore, the
ability to tailor both scattering and absorption of GNRs with
different longitudinal surface plasmon wavelengths 1s 1mpor-
tant for therapeutic applications.

BRIEF SUMMARY OF THE INVENTION

In an exemplary embodiment, the apparatus and method of
the present invention combines near infrared (NIR) light
exposure and a solution of gold nanorods (GNRs) that may be
injected into the treatment target 1in order to selectively heat
fat 1n the target area. The low power NIR light harmlessly
penetrates the skin and overlying tissue to be absorbed only
by the GNRs. The excited GNRs generate heat, melting the
fat and tightening the skin. The liquefied melted fat can be
removed with a syringe or fine cannula.

Only the regions into which the solution of gold nanorods
has been 1njected are able to absorb the NIR wavelengths,
which otherwise passes through the body virtually unnoticed.
The amount of heating can be finely tuned by the nanorod
dimensions, duration of exposure to the laser light and light
intensity.

In one aspect of the mvention, a system 1s provided for
mimmally-1nvasive fat removal from a target area, including
a solution of photo-absorbing nanoparticles; means for inject-
ing the solution into the target area; a near inirared light
source for delivering a beam of light to the target area; at least
one beam adjusting optical element for controlling focus and
beam size within the target area; a system controller for
providing control signals to the infrared light source, wherein
the control signals comprise selection of an emission wave-
length, an emission intensity and an exposure duration, and
wherein the emission wavelength 1s adapted to excite the
nanoparticles to melt fat within the target area; and means for
extracting melted fat from the target area. In a preferred
embodiment, the nanoparticles are biocompatible, and photo-
absorption 1n the nanoparticles 1s mediated by surface plas-
mon resonance. The nanoparticles may be selected to absorb
in the near inirared range (700-900 nm) and 1n the preferred
embodiment are gold nanorods. The gold nanorods may have
an aspect ratio 1n the range of 1:3-1:5, with an axial diameter
of approximately 10 nm and a longitudinal diameter 1n the
range of 9-50 nm. The gold nanorods may be suspended in
water at a concentration of 3x10"" GNR/mL. The near infra-
red light source may be a NIR laser having tunable power
and/or wavelength, and further comprising beam adjusting
optical means for control of beam size at the target area and
may emit light within the wavelength range of 600 nm to 950
nm, more preferably in the range of 700 nm to 900 nm, and
most preferably around 800 nm.

In another aspect of the imnvention, a photothermal method
1s provided for 1n vivo fat removal by melting the fat using the
system that includes a solution of photo-absorbing nanopar-
ticles; means for ijecting the solution into the target area; a
near inirared light source for delivering a beam of light to the
target area; at least one beam adjusting optical element for
controlling focus and beam size within the target area; a
system controller for providing control signals to the infrared
light source, wherein the control signals comprise selection of
an emission wavelength, an emission ntensity and an expo-
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4

sure duration, and wherein the emission wavelength 1s
adapted to excite the nanoparticles to melt fat within the target
area; and means for extracting melted fat from the target area.

In still another aspect of the invention, a method 1s provide
for inducing skin tightening around regions from which adi-
pose tissue has been removed using the system that includes
a solution of photo-absorbing nanoparticles; means for inject-
ing the solution into the target area; a near infrared light
source for delivering a beam of light to the target area; at least
one beam adjusting optical element for controlling focus and
beam size within the target area; a system controller for
providing control signals to the infrared light source, wherein
the control signals comprise selection of an emission wave-
length, an emission intensity and an exposure duration, and
wherein the emission wavelength 1s adapted to excite the
nanoparticles to melt fat within the target area; and means for
extracting melted fat from the target area.

Another aspect of the invention 1s a photothermal agent for
melting fat and skin tightening comprising photo-absorbing
nanoparticles suspended in a solution, wherein the photo-
absorbing nanoparticles are adapted to convert NIR light
energy 1nto fat-melting heat 1n a target area in which the
nanoparticles have been injected. In a preferred embodiment,
the nanoparticles are gold nanorods.

Yet another aspect of the invention 1s a kit for i vivo
photothermal removal of fat in a target area 1rradiated by NIR
light energy, the kit including photo-absorbing nanoparticles
suspended 1n a solution, wherein the photo-absorbing nano-
particles are adapted to convert NIR light energy into heat
having a temperature that melts fat; a first syringe adapted for
injecting the nanoparticle solution nto a target area; and a
second syringe or cannula adapted for aspirating melted fat
from the target area after exposure of the target area to NIR
light energy for period of time sullicient to melt the fat.

The combination of gold nanorods and NIR light to ther-
malize adipose and skin has not heretofore been disclosed.
This combination offers unparalleled spatial and temporal
control that no existing techmque offers. The result 1s fat
melting with ease, and minimal postoperative pain by elimi-
nating unnecessary damage to blood vessels and nerves. It 1s
important to note here that the prior art techniques emulsity
fat, breaking it down 1nto small globules—they do not melt
fat. This has direct implications on how the fat can be
removed. As a result, the inventive technique 1s expeditious
and minimally nvasive, eliminating the need to use larger,

traumatizing cannulas that are inserted through small inci-
S101S.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary sequence of steps 1n a
procedure for selective fat removal according to the present
ivention.

FIG. 2 1s a diagrammatic view of a kit and apparatus for
performing selective fat removal.

FIGS. 3A and 3B are plots of wavelength versus absorp-
tion, where FI1G. 3 A shows absorption in the visible range and
FIG. 3B shows absorption with the visible range removed.

FI1G. 4 shows three photographs demonstrating the absence
of melting under different laser heating conditions.

FIGS. 5A and 3B are photographs of butter samples before
and after laser irradiation with and without gold nanorods,
respectively.

FIGS. 6 A-6B are photographs of bacon fat samples with
and without gold nanorods after exposure to NIR laser heat-
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ing; FIG. 6C 1s a photograph of bacon meat without gold
nanorods after NIR laser 1rradiation.

DETAILED DESCRIPTION

Disclosed herein are a method and system which combine
gold nanorods, near infrared light and minor medical proce-
dures to reduce and remove fatty tissue. By injecting a small
volume of a solution of gold nanorods 1nto the targeted area,
the mvention provides for the selective melting of fat and the
tightening of skin upon illumination using a low power, bio-
logically bemign Near Infrared (NIR) laser.

FI1G. 1 1llustrates the process tlow for the inventive method,
with each process step linked by an arrow to a diagrammatic
image of the step as performed on a target area of a patient.
The flexibility in the laser diameter, shape and intensity
allows precise control over the target area, which may vary
from very small, on the order of a few millimeters, to rela-
tively large, e.g., several centimeters in diameter. In step 102,
the physician administers a subcutaneous injection into the
target area of a solution of gold nanorods (GNRs) suspended
in a sterile, mert liquid, e.g., distilled water, using a fine
syringe. In step 104, the GNR solution diffuses through the
adipose tissue to be targeted. Immediately after injection, or
as soon as practically possible, NIR laser light 1s focused onto
the target area (step 106) for a period that may range from a
few seconds to several minutes, depending on the area and
volume of the targeted fat, and at least for a sufilicient period
of time to induce surface plasmon resonance within the
GNRs. The laser light has a wavelength within the range of
600 nm to 950 nm, preferably within the range of 700 nm to
900 nm, and more preferably about 800 nm. In step 108, SPR
1s mduced, producing localized heating which, in step 110,
causes the solid fat to liquety. Finally, in step 112, the physi-
cian inserts a syringe into the targeted area to aspirate the
liquetied fat.

A similar procedure may be used to heat and thus stimulate
the surrounding skin to minimize sagging after adipose tissue
removal. In such a procedure, the GNR solution may be
applied directly to the skin or injected intradermally prior to
irradiation by the NIR laser light.

FIG. 2 1s a representative schematic diagram of the com-
ponents of the system 10 of the present invention. The GNRs
8 (1n solution) are injected into the target tissue 20 using
syringe 24. The GNRs are preferably suitable for in vivo use,
for example, a polymer coating can be added for long circu-
lation. The GNR’s should be sterilized and certified endot-
oxin-free. The NIR laser energy 6 from the energy source 14
1s directed 1nto delivery device 16 via a delivery channel 18,
which may be a fiber optic, articulated arm, or other appro-
priate optical waveguide. In preferred embodiments, the NIR
laser 1s tunable to allow selection of a wavelength that 1s
optimized for different size GNRs. The laser should prefer-
ably have adjustable power to modulate the degree of heating.
Control system 22 provides a user interface for use by the
physician, or assisting nurse or technician, to select the appro-
priate laser wavelength, intensity, duration and other param-
cters that may affect the treatment. At the distal end of deliv-
ery device 16 1s an energy directing means 28 for directing the
pulsed energy toward the surface tissue 12 overlying the
target tissue (fat) 20. The directing means 28 may be one or
more optical elements such as a lens or other focusing ele-
ment, beam shaping optics, slits, apertures, gratings, an array
of lenses and other optics or other focusing configuration,
which focuses the beam within the targeted volume of fat
containing the GNRs. In a preferred embodiment, the optical
clements may include beam expanding lenses to allow adjust-
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ment of the beam spread to cover different size target areas.
Following irradiation of the GNRs in the fatty tissue to liquety

the fat 20, the liquid 1s aspirated using syringe 26 that 1s
inserted into the pocket of liquetfied fat. The invention further
includes a kit for performing selective fat removal 1n conjunc-
tion with an existing NIR laser unit. The kit includes the
GNRs 8 1n solution and syringes 24 and 26. The syringe for
extracting the liquefied fat may be replaced by a fine cannula
connected to a vacuum source that 1s capable of generating
suction at the distal end of the cannula sufficient to draw the
liquetied fat from the target area and into a collection vessel.

The mventive technique 1s possible because NIR light of
low power 1s minimally absorbed by endogenous components
in the body, such as skin, water, hemoglobin. Furthermore,
low power near inirared light does not cause photodamage to
tissue. NIR light 1s currently used for imaging using Indocya-
nine green (ICG), an FDA approved imaging agent able to
absorb and emit 1n this region. While skin and adipose tissue
do not absorb the NIR wavelengths, GNRs do, enabling fine
tuning of the spatiotemporal parameters of heating.

Because the fat 1s actually liquetied, the mnventive method
for selective fat removal has the further advantage of being
able to use needles or cannulas that are much smaller 1n
diameter (on the order of 16 or 18 gauge) than those required
for conventional liposuction, thus reducing patient discom-
fort, mmimizing the risk of damage to surrounding tissue,
reducing the risk of scarring and infection, and accelerating
healing at the site of the procedure. Another major improve-
ment over the prior art methods 1s the duration of treatment.
The highly selective and rapid heating produced by the
excited GNRs 1s capable of producing the desired results
within minutes, 1n contrast with the multiple hours required
by typical liposuction procedures.

The following examples demonstrate the principles used in
the present invention.

EXAMPLE 1

Photothermal Melting of Butter

To demonstrate the selective photothermal melting of {at,
we performed experiments on a ~2 mm layer of butter sand-
wiched between two slides separated by a silicone spacer
small. Gold nanorods (GNRs) were procured from Nano-
partz™ specifically “Ntracker™ for in vivo Therapeutics™
gold nanorods coated 1n a proprietary dense layer of hydro-
philic polymers, with 10 nm axial diameter and 42 nm length.
According to imformation provided by Nanopartz, at this
aspect ratio, the plasmon absorption peaks are at 817 nm and
512 nm. Laser heating was conducted on butter samples with
and without GNRs using an unfocused (~2 mm diameter) 800
nm beam from a Ti-Sapphire (100 {s, 80 MHz) laser. The
GNR-butter samples were prepared from a mixture of 10 L.
of 3x10'* GNR/mL with ~50 mg of butter. Melting was
monitored by visual ispection.

The melting point of butter 1s 32-38° C. and 1ts specific heat
1s ~5 joules/g® C. This means that with the ~2 mm diameter
beam at 800 nm at 0.45 W power (14 W/cm?), the illuminated
butter sample should heat at a rate of approximately 2 degrees
every second. The mput heat and resulting heating rate 1s
likely less 1n actuality because of absorption of the micro-
scope slide glass.

The butter sample used in these experiments shows no
absorption in the region of the laser illumination wavelength,
800 nm, as shown 1 FIGS. 3A and 3B. The primary contri-
bution to absorption is the fatty acids in the milk fat, which
absorb 1n the visible range of the spectrum. The opacity of the
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sample limits the transmission of light through the butter so
the optical density 1s high, as shown in the plot of FIG. 3A. IT
the contribution of the light scattering to the spectrum 1s
removed, the absorption due to the butter can be better visu-
alized, as shown in FIG. 3B.

Experiments on a plain butter sample showed that melting
does not occur after 3 minutes, shown in the photos of FIG. 4,
and up to 10 minutes, shown 1n FIG. SA, of illumination with
a 0.45 W laser beam.

In the case of the GNR-butter sample under similar experi-
mental conditions, melting of the butter was observed 1n the
area rradiated by the NIR laser beam after 2.5 minutes of
illumination. FIG. 5B shows the butter before and atter irra-
diation.

Example 2
Photothermal Melting of Meat and Fat

Testing was also performed on bacon samples to compare
the heating behavior 1n fat versus meat. We added 10 uL of
3x10'* GNR/mL in water onto the fatty sections of the bacon
and 1lluminated the treated sections with a ~2 mm diameter
800 nm beam at 2.5 W power. Melting of the GNR-1njected
fat was observed after 45 sec 1n the volume traversed by the
laser beam where GNRs were present. Illumination was
maintained for a total of 1.5 min to further melt the fat and
determine whether charring can occur when high tempera-
tures are attained. As shown in FIG. 6A, charring was
observed. The melted fat (grease) became so hot that it splat-
tered around the fat sample, indicated by the arrows 1n the
figure. Control experiments on similarly irradiated non-GNR
tat showed no melting (FI1G. 6B). After irradiation, the fat had
the same appearance as non-irradiated samples. The 1rradi-
ated meat sections without GNRs were similarly unatiected
(FIG. 6C). These results demonstrate the highly selective
nature of the heating in the GNR-1njected areas of fat versus
untreated areas.

Experiments indicate that a solution of approximately
3x10"* GNR/mL in water would be an effective injectable
photothermal agent for melting adipose tissue upon 1rradia-
tion with a NIR laser as a prelude to in-vivo fat removal. For
the removal of 50 mL of fat, less than 10 mL of the GNR may
be required. At the price of $500 per liter of 3x10'* GNR/mL,
the method provides an atfordable alternative to conventional
liposuction approaches.

The application of this technology has many secondary
benefits 1n addition to the cosmetic effect of eliminating body
fat. For example, illnesses such as diabetes mellitus are
directly related to fat storage and obesity. Insulin resistance
can be eliminated by reducing body fat content. This scien-
tific fact has significant implications on chronic i1llnesses such
as diabetic nephropathy, diabetic retinopathy and coronary
heart disease. To date, existing techniques have not exhibited
the ability to remove an effective amount of fatty tissue with-
out causing severe damage to adjacent tissue. In addition,
during existing procedures, patients are exposed to the poten-
tially dangerous effects of lidocaine toxicity, which 1s
included 1n current tumescent solutions.

The controlled thermal melting of fat protects all other vital
structures, reducing post operative pain and, hence, reducing
the amount of lidocaine needed 1n a tumescent solution and
avoid life-threatening risks of lidocaine toxicity. The fact that
no-to-minimal mechanical force i1s required to practice the
inventive technique further eliminates the risk of penetrating
deep tissues. Penetration of tissues such as bowels, livers and
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lungs has been reported 1n the literature with use of excessive
force to achieve adequate liposuction.
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The mvention claimed 1s:
1. A method for selective fat removal in a target area,
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applying a solution of photo-absorbing biocompatible
nanoparticles to the target area, wherein the nanopar-
ticles are dimensioned to have an aspect ratio 1n the
range of 1:3 to 1:5;

delivering near infrared light to the target area and solution
for an exposure duration to induce surface plasmon reso-
nance, wherein the near infrared light has a combination
of optical parameters selected from the group consisting,
of emission wavelength, emission intensity, beam focus
and a beam si1ze, the optical parameters and the exposure
duration selected to excite the nanoparticles to melt and
liquety fat within the target area with minimal damage to
tissue surrounding the target area; and

aspirating liquefied fat from the target area.

2. The method of claim 1, wherein the emission wavelength
1s within a range of 700-900 nm.

3. The method of claim 1, wherein the nanoparticles are
gold nanorods.

4. The method of claim 3, wherein the gold nanorods have
an axial diameter of approximately 10 nm and a longitudinal
diameter 1n the range of 9-30 nm.

5. The method of claim 3, wherein the solution comprises
gold nanorods suspended in water at a concentration of
3x10"" GNR/mL.

6. The method of claim 1, wherein the near infrared light 1s
delivered by a NIR laser having at least one of tunable power
and tunable wavelength.

7. The method of claim 6, wherein the tunable power 1s

within the range 01 0.6 to 15 W.

8. The method of claim 1, wherein the beam si1ze 1s within
the range of 1 mm to 5 mm diameter.

9. The method of claim 1, wherein the exposure duration 1s
within the range of 30-45 seconds.

10. The method of claim 1, wherein 1n the target area 1s
located beneath a NIR-light transmissive surface.

11. The method of claim 10, wherein the NIR-light trans-
missive surface 1s skin and the step of applying the solution
comprises subcutaneous njection.

12. The method of claim 11, wherein the method further
comprises tightening skin adjacent the target area.

13. A method for subcutaneous fat removal and skin tight-
ening 1n a person 1n need thereof, the method comprising:
subcutanecously 1njecting a suspension of photo-absorbing
gold nanorods in solution into a target region of the
person, the gold nanorods having an aspect ratio in the
range of 1:3 to 1:5;

directing NIR light energy to the target area for an exposure
duration, the NIR light energy having optical parameters
adapted to pass through the person’s skin and excite the
gold nanorods 1n the target region to produce heat having
a suificient temperature to melt and liquety fat within the
target region with minimal damage to tissue surrounding
the target region; and

extracting liquefied fat from the target region.

14. The method of claim 13, wherein the optical parameters
comprise an emission wavelength within a range of 700-900
nm.

15. The method of claim 13, wherein the gold nanorods
have an axial diameter of approximately 10 nm and a longi-
tudinal diameter in the range of 9-350 nm.

16. The method of claim 13, wherein the gold nanorods are
suspended in water at a concentration of 3x10"" GNR/mL.

17. The method of claim 13, wherein the NIR light energy
1s delivered by a NIR laser having at least one of tunable
power and tunable wavelength.
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18. The method of claim 17, wherein the optical parameters
comprise an NIR laser beam size within the range of 1 mm to
5> mm diameter.

19. The method of claim 17, wherein the optical parameters
comprise a tunable power within the range of 0.6 to 15 W.

20. The method of claim 13, wherein the exposure duration
1s within the range of 30-45 seconds.

21. A method for fat removal and skin tightening 1n a
subject in need thereof, the method comprising:

subcutaneously imjecting a suspension of gold nanorods

having an aspect ratio in the range of 1:3 to 1:5 1n
solution into a target volume of fat 1n the subject;

directing NIR laser light having a wavelength within a

range ol 700 to 900 nm to a skin area over the target
volume for an exposure duration, the NIR laser light
having optical parameters adapted to excite the gold
nanorods within the target volume to produce heat hav-
ing a temperature to melt and liquely fat within the target
volume with minimal damage to tissue surrounding the
target volume; and

inserting a cannula 1nto and extracting liquefied fat from

the target volume.

22. The method of claim 21, wherein the gold nanorods
have an axial diameter of approximately 10 nm and a longi-
tudinal diameter in the range of 9-50 nm.

23. The method of claim 21, wherein the gold nanorods are
suspended in water at a concentration of 3x10"" GNR/mL.
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24. The method of claim 21, wherein the NIR laser light has
at least one of tunable power and tunable wavelength.

25. The method of claim 24, wherein the NIR laser light has
tunable power within a range o1 0.6 to 15 W,

26. The method of claim 21, wherein the NIR laser light has

a beam size within the range of 1 mm to 5 mm diameter.
277. The method of claim 21, wherein the exposure duration
1s within the range of 30-45 seconds.
28. A method for fat removal and skin tightening in a
person 1n need thereol, the method comprising:
subcutanecously 1njecting a suspension of gold nanorods
having an axial diameter of approximately 10 nm and a
longitudinal diameter in the range o1 9-50 nm 1n solution
into a target volume of fat 1n the person;
directing NIR laser light having a wavelength within a
range of 700 to 900 nm and a power within the range of
0.6 to 15 W onto a skin area over the target volume for an
exposure duration, the NIR light energy having optical
parameters adapted to excite the gold nanorods within
the target volume to produce heat having a temperature
to melt and liquefy fat within the target volume with
minimal damage to tissue surrounding the target vol-
ume; and
inserting a cannula nto and extracting liquefied fat from
the target volume.
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